Differential expression of ovine CD1 was examined using a combination of reverse transcription-polymerase chain reaction (RT-PCR) with sequence-specific primers and Northern and in situ hybridization techniques. The aim of the study was to establish the patterns of CD1 expression at the molecular level and address questions posed by previous studies in other species regarding expression patterns of CD1. A 'pan-CD1' probe based on the exon 4 (alpha 3) region was used in addition to isotype-specific probes for SCD1B (the exon 3 region of clone SCD1B42) and SCD1D (the exon 3 region of clone SCD1D).
Introduction
CD1 molecules are a family of cell-surface-associated glycoproteins, now recognized as having a role in antigen presentation, with some similarities to classical major histocompatibility complex (MHC) classes I and II. The CD1 family can be broadly divided into two groups -the CD1b group (group 1) and the CD1d group (group 2). Sequencing of CD1e (only identified in humans and guinea pigs to date) indicates that this is an intermediate group with similarities to both group 1 and group 2.
1,2 Rodents only possess members of the CD1d group whereas humans, sheep, cattle and rabbits possess members of both groups.
Recent studies in the guinea pig have demonstrated group 1 CD1 and a single CD1e
homologue. 2 The evolutionary conservation of CD1d antigens by the majority of species is consistent with a key role for these molecules in the immune response (recently reviewed in ref.
3).
Analysis of tissue-specific expression of CD1 molecules in the sheep has previously been carried out using a range of monoclonal antibodies (mAbs). 4, 5 These antibodies have been clustered, according to their reactivity on bovine tissues, as BoCD1w1, BoCD1w2 and BoCD1w3. 6 BoCD1w2 mAbs recognize antigens with a staining pattern consistent with CD1b expression (i.e. cortical thymocytes and dendritic cells). That these mAbs recognize
CD1b family antigens was further demonstrated by the amino-terminal sequencing of the antigen recognized by the mAb CC14. This antigen has 100% amino-terminal homology with the predicted sequence of the sheep CD1 gene SCD1B-42. 7 The mAbs BoCD1w1 and BoCD1w3 recognize molecules with a wider cellular distribution -in addition to thymocytes and dendritic cells, they recognize antigen on macrophages, B cells and monocytes, 5 consistent with a 'CD1d-like' pattern of expression.
At the molecular level, several distinct CD1B-like genes (SCD1B42, SCD1B52, SCD1T10
and SCD1A25) and a CD1D-like gene (SCD1D) have been identified in the sheep. 7, 8 The aim of this study was to establish the patterns of CD1 expression at the molecular level and address questions posed by previous studies in other species regarding expression patterns of the two major CD1 groups. To obtain this data, a combination of Northern hybridization, reverse transcription-polymerase chain reaction (RT-PCR) and in situ hybridization was carried out on a range of tissues.
Materials and methods

Northern hybridization
Total RNA was isolated from various tissues using TRIreagent (Sigma Chemical Co., Poole, Dorset, UK). mRNA was then purified on oligodT cellulose and electrophoresed in 1% Probe generation. Probes were generated from cDNA clones and primer sequences selected to allow generation of ≈ 300-bp sequences. The following probes were generated: a 'pan' CD1 probe (exon 4 derived), a SCD1B-specific probe (clone SCD1B42, exon 3/alpha 2 region) and a SCD1D-specific probe (clone SCD1D, exon 3/alpha 2 region). The percentage homology of the SCD1B42 probe to the other SCD1B sequences was as follows: SCD1B52, 92%; SCD1A25, 80%; SCD1T10, 76%; SCD1D, 54%. As such, this probe would be expected to hybridize to all the sheep CD1B-like sequences under the hybridization conditions used, but not to SCD1D. The SCD1D probe, whilst being 100% homologous to SCD1D, was only 50-56% homologous to the SCD1B sequences and would therefore not be expected to hybridize to these sequences. It is possible, however, that hybridization to other, as yet unknown, CD1D-like sequences could occur in a similar manner to that described for the CD1B-like sequences. Amplified cDNA was cloned using the TOPO TA Cloning kit (Invitrogen, Groningen, the Netherlands) to generate sense and antisense riboprobes using T7
and Sp6 RNA polymerase, according to standard protocols. Probes were labelled with digoxigenin by incorporating digoxigenin labelling mix (Boehringer Mannheim, Sussex, UK)
into the synthesis reaction. Synthesized RNA probes were pelleted, washed twice in 75% ethanol, resuspended in diethyl pyrocarbonate (DEPC)-treated water and stored at −70°.
Hybridization. Probes were diluted in hybridization buffer (40% deionized formamide, 10% dextran sulphate, 1 × Denhardt's solution, 4 × SSC, 10 mM dithiothreitol, 1 mg/ml of yeast transfer RNA) and hybridization was carried out at 42° for 16 hr.
After hybridization, sections were washed at 37° as follows: 2 × 15-min washes in 2 × SSC; 2 × 15-min washes in 1 × SSC; and 2 × 30-min washes in 0·1 × SSC. Slides were then washed at room temperature in 100 mM Tris-HCl (pH 7·5), 150 mM NaCl and incubated for 30 min at room temperature in 100 mM Tris-HCl (pH 7·5), 150 mM NaCl, 0·1% Triton-X-alkaline phosphatase (Boehringer Mannheim), washed for 20 min in 100 mM Tris-HCl (pH 7·5), 150 mM NaCl and for 10 min in 100 mM Tris-HCl (pH 9·5), 100 mM NaCl, 50 mM MgCl 2 . Slides were then developed for 2-6 hr in nitro blue tetrazolium/5-Bromo-4-chloro-3-indolyl phosphate (NBT/BCIP) solution in 100 mM Tris-HCl (pH 9·5), 100 mM NaCl and 50 mM MgCl 2 containing 5 mM levamisole. The reaction was stopped by incubation in 10 mM Tris-HCl (pH 7·5) containing 1 mM EDTA. Sections were lightly counterstained in 0·1% fast green FCF for 1-2 min then washed in tap water for 10 min and mounted using aqueous mounting medium (Immu-mount; Shandon, Pittsburgh, PA).
Results
Northern hybridization
Northern hybridization using an exon 4/alpha 3 probe identified abundant and multiple RNA transcripts in the thymus RNA population (Fig. 1) . A single 3·5-kb transcript was present in all other populations examined.
RT-PCR
RT-PCR was used to further examine the differential expression of ovine CD1 genes (Fig. 2) .
Consistent with the results of Northern hybridization, probes specific for the exon 4 region showed expression in all sites examined (thymus, small intestine, lymphocytes, liver, lymph node, lung and spleen) (Fig. 2b) . Similar widespread expression was evident using primers specific for SCD1D (Fig. 2c) . In contrast, SCD1B42-specific primers showed a more restricted expression pattern, being detectable by this means in thymus, lymph node and (strong expression) and spleen and lymphocyte populations (weak expression) (Fig. 2d) .
The specificity of these PCR reactions had previously been confirmed by Southern hybridization and probing of products with specific internal oligonucleotides (data not shown).
In situ hybridization
A range of tissues were examined by in situ hybridization, including thymus, lymph node, spleen, intestine (including ileal Peyer's patch), spinal cord and lung.
In view of strong expression of CD1 by cortical thymocytes, this tissue was used as a positive control for all probes in the experiment. Table 1 summarizes the results of in situ hybridization (using the exon 4, SCD1D and SCD1B42 probes) in the tissues listed above.
All antisense probes gave similar results when hybridized to thymus sections. Strong staining of cortical thymocytes was identified with scattered, more intensely stained cells in the outer cortex close to the capsule (Fig. 3a) . Minimal staining of medullary thymocytes was evident with scattered dendritic cells staining positively within the medullary compartment. In all other areas, the pattern of staining with the exon 4 and SCD1D probes was identical whereas SCD1B42 showed a more restricted distribution.
Within the lung, the exon 4 and SCD1D probes showed strong staining of cells in the peribronchiolar/peribronchial regions (lymphocytes) (Fig. 3c) . No significant staining was identified with the SCD1B42 probe.
Within the intestine, lamina propria macrophages, Peyer's patch lymphocytes, and crypt and villous epithelial cells showed positive reactivity with exon 4 and SCD1D probes (Fig. 3d) .
No staining was observed with the SCD1B42 probe. Within lymphoid tissue, dendritic cells of splenic red pulp and paracortical lymph node dendritic cells stained with all three probes (Fig. 3e) . In addition, the exon 4 and SCD1D probes also stained follicular B cells (Fig. 3f) .
Central nervous system (CNS) tissue (cervical spinal cord) showed no reactivity with the SCD1B42 probe. The exon 4 and SCD1D probes showed staining of microglial cells and neuronal cell bodies (Fig. 3g) . No staining was evident with either sense riboprobe (Fig. 3h) .
Discussion
The CD1 family is now established as representing an important third lineage of antigenpresenting molecules. Constitutive expression of the group 1 CD1 molecules is largely confined to cortical thymocytes and dendritic cells. Data concerning expression of group 2 (CD1d) antigens is, however, less straightforward. In situ hybridization studies on mouse intestine using a probe based on the exon 4 region of mouse CD1D showed expression at the base of the crypts in Paneth cells but not on villous epithelium. 13 This result was surprising in that immunohistochemistry had previously shown expression of murine CD1 on gastrointestinal epithelium. 14 More recent studies using mAbs showed that the principal site of CD1 expression in the mouse was on haemopoietic cells, including constitutive expression on nearly all T and B cells, macrophages and dendritic cells. Interestingly it was not detectable on the great majority of intestinal epithelial cells. 15 Studies on human CD1d, in contrast, have localized expression of CD1 antigen to the apical and lateral regions of small and large intestinal epithelial cells in both glycosylated and non-glycosylated forms. 16 These results indicate that there are interspecies differences in the expression of group 2 CD1
genes and antigens. The recent identification of a group 2/CD1D gene in sheep, 7 which shares some but not all of the group 2 'class specific' residues, suggests that group 2 CD1 antigens may comprise a heterogeneous family in a similar way to the CD1a-c molecules that form the group 1 family.
In addition to the differences in expression, it is clear from recent studies that the antigenrecognition properties of group 1 and group 2 CD1 molecules also differ in several ways. 19 and on endoneurial macrophages and myelinated nerve fibres in acute inflammatory demyelinating polyradiculoneuropathy. 20 Expression of CD1 by ovine microglial cell cultures has also been described. 21 The results described here confirm constitutive group 2 CD1 expression within the CNS of sheep. Recent experiments using CD1 knockout mice have shown that CD1-reactive T cells are required for the development of systemic tolerance to antigen introduced to the immune-privileged site of the eye. 22 It is plausible that constitutive group 2 CD1 expression within the CNS is consistent with a role for SCD1D in immune regulation in this site.
In conclusion, we have extended previous investigations, which used mAbs to examine expression of ovine CD1. The combination of RT-PCR and generation of isotype-specific probes for hybridization studies has confirmed the marked differences in expression of group 1 and group 2 CD1, establishing widespread expression of CD1D distinct from the more restricted expression of group 1 family members. These data provide a valuable baseline for future investigations on modulation of CD1 expression in various disease states. 
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